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Microtubular SOFCs for power 
generation, steam electrolysis 
and syngas production 
Typical operation temperature: 




* Market price: July 2013 
ADVANTAGES: 
 
-Cheap catalysers*: Ni: 0,008 $/g 
     Pt: 42,8 $/g  
-High efficiency: 60% electrical efficiency 
SOFC-Gas turbine system > 80% energy efficiency 
 
-Fuel flexibility: internal reforming 
 direct use of methane or syngas 













(< 5 mm diameter) 
Seals 
Power Density 
Thermal shock resistance 
Fast start-up 



































Cold Isotatic Pressing 
 
Lab scale production 

























Anode Support fabrication 
Synthesis of Nanopowders. 





15 µm     
1400 ºC 
LSCF Dip  
20 µm 





20 µm / 1050 ºC (2h) 
GDC dip 
4-7 µm  1400 ºC 
NiO/YSZ support: CIP 
1350ºC sintering; NiO-YSZ, 150 mm length, 
400 m thickness, 3,2 mm diameter 
Comercial Powder 
NiO 
YSZ Pore Former 
Double milling 
Suitable NiO  
Homogeneization (ultrasonic mixing, mechanical agitation) 
Cold Isostatic Pressed (200MPa) 
NiO-YSZ, 0.63 NiO+0.37 YSZ (wt% ) 
Acetone 
Anode Powder PVA 
Electrolyte 
In collaboration with A. Várez (UC3M, Spain) 
TUBE FABRICATION BY EXTRUSION 






















Thermal stability of the components not only 
under operation conditions  
BUT at sintering temperatures 
Electrolyte deposition 
Cathode deposition 
LSM-YSZ Suspension (1:1 vol): 
 
50% wt. LSM-YSZ in EtOH (binder, 
dispersant) η = 0.04 PaS 
 
LSM-YSZ Suspension (4:1 vol): 
 
50% wt. LSM-YSZ in EtOH (binder, 
dispersant) η = 0.03 PaS 
 
DIP COATING PROCCESS 
Microstructure 
Optimization of open porosity and tortuosity is critical for low 
polarization loses in the support electrodes 
Experimental setup 
Electrochemical characterization 
Geometry I (mA/cm2 
at 0.7V) 
Labs 
m-tube 800 ours 
m-tube 150 Sammes 
m-tube 900 Ding & Liu 
m-tube 800 Kim et al. 
Planar 1160 Basu et al. 
Planar 1000 Souza 





Start-up & Shut-down thermal cycle 
Durability 
SOFC planar (literature):  +1-2%/1000h 
         SOFC microtubular:   
(literature) up to  -8%/1000h 




with CIP support 
when tested in 
SOEC mode 
Hydrogen production corroborated by quantative mass spectrometry 
Thermoneutral point: 
Joule heat = electrolysis 
reaction heat 






















T = 850⁰ 
Other materials 
Infiltration of Nd2NiO4+δ salt precursors into YSZ porous cathode matrix 
In collaboration with A. Hanifi & T. Etsell (Univ. Alberta) 
Conclusions 
 Estimation Cost*(€) CIP EXT 
1 cell 400 134 
10 cells 60 2,2 
100 cells 40 1,6 
*Materials cost, Equipment, Electricity, Labour 
 
-mT-SOFC seems to be superior to planar geometry because of its better resistance to 
thermal and RedOx cycling degradation, and also presents increased volume powder 
density (2.5Wcm-3) 
-High fuel utilisation values require further gas flow and electrode porosity 
optimisation 
-mT-SOFC for steam electrolysis (H2 production) and coelectrolysis (syngas 
production) are promising but still immature. 
-Extrusion cost for mT-SOFC is very competitive. 
mT-SOFC fabricated at ICMA 
Configuration Temperature Anode Electrolyte Cathode 
Anode 
supported 
800ºC Ni-YSZ Cermet 







800ºC Ni-YSZ Cermet 
CIP or extrusion 
YSZ  





700ºC Ni-YSZ Cermet 
CIP or extrusion 
GDC  













700ºC Ni-YSZ Cermet 
CIP 
YSZ +GDC 





















600ºC Ni-GDC Cermet 
Dip coating 
GDC 
WPS 
Nd2NiO4+
CIP 
